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hole transport layer; the quantum dot luminescent layer
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QUANTUM DOT ELECTROLUMINESCENT
DEVICE AND DISPLAY APPARATUS

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s the National Stage of PCT/CN2016/
089860 filed on Jul. 13, 2016, which claims priority under

35 US.C. § 119 of Chinese Application No.
201610055724.5 filed on Jan. 27, 2016, the disclosure of

which 1s incorporated by reference.

TECHNICAL FIELD

Embodiments of the present disclosure relate to a quan-
tum dot electroluminescent device and a display apparatus.

BACKGROUND

At present, an organic light-emitting diode (OLED) gen-
crally comprises a hole transport layer and a luminescent
layer, wherein a highest occupied molecular orbaital
(HOMO) energy level of the hole transport layer matenal 1s
from about 5.0 ev to about 5.3 ev, and a HOMO energy level
of the luminescent layer material 1s from about 5.0 ev to
about 5.5 ev. A small difference between the HOMO energy
level of the hole transport layer material and the HOMO
energy level of the luminescent layer material 1s beneficial
for the improvement of the hole transporting ability, thereby

improving the luminous efliciency of the organic electrolu-
minescent device.

SUMMARY

At least one embodiment of the present disclosure pro-
vides a quantum dot electroluminescent device which com-
prises: a first electrode, an electron transport layer, a quan-
tum dot luminescent layer, a hole transport layer and a
second electrode; wherein the quantum dot luminescent
layer 1s disposed between the electron transport layer and the
hole transport layer; the quantum dot luminescent layer
comprises a base material layer and a quantum dot lumi-
nescent material which 1s dispersed in the base material
layer; a highest occupied molecular orbital energy level of
the base material layer 1s between a highest occupied
molecular orbital energy level of the hole transport layer and
a highest occupied molecular orbital energy level of the
quantum dot luminescent materal.

In at least one embodiment of the present disclosure, the
highest occupied molecular orbital energy level of the base
material layer 1s for example from about 5.4 ev to about 6.8
ev.

In at least one embodiment of the present disclosure, the
highest occupied molecular orbital energy level of the base
material layer 1s for example from about 3.8 ev to about 6.2
V.

In at least one embodiment of the present disclosure, the
base material layer for example acts as a coating agent or a
dispersant of the quantum dot luminescent material.

In at least one embodiment of the present disclosure, the
base material layer 1s for example an organic maternal, an
inorganic material, or a composite of an organic material and
an 1norganic material.

In at least one embodiment of the present disclosure, the
base material layer 1s formed of for example a base material
and an energy level transition material doped in the base
material, or the base maternial layer 1s made of an energy
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level transition material. A highest occupied molecular
orbital energy level of the energy level transition material 1s
between the highest occupied molecular orbital energy level
of the hole transport layer and the highest occupied molecu-
lar orbital energy level of the quantum dot luminescent
material.

In at least one embodiment of the present disclosure, the
energy level transition material for example comprises at
least one of the following organic materials: a phosphate
organic compound; a thiol organic compound; a carboxylic
acid organic compound.

For example, 1n a case that the energy level transition
material comprises at least two of the phosphate organic
compound, the thiol organic compound and the carboxylic
acid organic compound, the energy level transition material
1s made by polymerization of the at least two.

In at least one embodiment of the present disclosure, the
quantum dot luminescent layer has a thickness of for
example from about 10 nm to about 450 nm.

In at least one embodiment of the present disclosure, the
quantum dot luminescent layer has a thickness of for
example from about 35 nm to about 400 nm.

In at least one embodiment of the present disclosure, the
quantum dot luminescent material comprises for example at
least one of a red quantum dot material, a green quantum dot
material and a blue quantum dot material.

In at least one embodiment of the present disclosure, for
example, the light produced by the quantum dot luminescent
layer exits from a side at which the first electrode 1s located,
and a transparent protective layer 1s disposed on a side of the
first electrode away from the quantum dot luminescent layer;
and/or the light produced by the quantum dot luminescent
layer exits from a side at which the second electrode 1is
located, and a transparent protective layer 1s disposed on a
side of the second electrode away from the quantum dot
luminescent layer.

At least one embodiment of the present disclosure further
provides a display apparatus which comprises the quantum
dot electroluminescent device described above.

BRIEF DESCRIPTION OF THE DRAWINGS

In order to clearly 1llustrate the technical solutions of the
embodiments of the present disclosure, the drawings of the
embodiments will be briefly described in the following.
Apparently, the described drawings are only related to some
embodiments of the present disclosure and thus are not
limitative of the disclosure.

FIG. 1 1s a schematic structure diagram of a quantum dot
clectroluminescent device provided by an embodiment of
the present disclosure;

FIG. 2 1s a schematic diagram of the working principle of
the A part 1n FIG. 1;

FIG. 3 1s a schematic diagram of the working principle of
the quantum dot electroluminescent device illustrated in
FIG. 1; and

FIG. 4 1s a flow chart of hole transporting in a quantum
dot electroluminescent device provided by an embodiment
of the present disclosure.

DETAILED DESCRIPTION

In order to make objects, technical solutions and advan-
tages of the embodiments of the present disclosure apparent,
the technical solutions of the embodiments will be described
in a clear and detailed way 1n connection with the drawings.
It 1s obvious that the described embodiments are just a part
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but not all of the embodiments of the disclosure. Based on
the described embodiments herein, those skilled 1n the art
can obtain other embodiment(s), without any inventive

work, which should be within the protection scope of the
disclosure.

If the hole transport layer material in an organic elec-
troluminescent device 1s applied 1n a quantum dot electrolu-
minescent device, there will be a large band shift between
the hole transport layer material and the quantum dot
luminescent material since the highest occupied molecular
orbital energy level of the quantum dot luminescent material
1s about 6.8 ev, and the highest occupied molecular orbital
energy level of the hole transport layer material 1s low. As
such, the efliciency of the hole imjection from the hole
transport layer to the quantum dot luminescent layer 1s
reduced, which makes the hole migration difflicult, and thus
the luminescence etliciency of the quantum dot electrolu-
minescent device 1s reduced.

At least one embodiment of the present disclosure pro-
vides a quantum dot electroluminescent device and a display
apparatus, and the display apparatus comprises the quantum
dot electroluminescent device. The quantum dot electrolu-
minescent device 1s capable of improving the efliciency of
the hole injection from the hole transport layer to the
quantum dot luminescent layer, which makes the hole
migration easy and thus improves the luminescence efli-
ciency ol the quantum dot electroluminescent device.

As 1llustrated 1n FIG. 1, the quantum dot electrolumines-
cent device provided by an embodiment of the present
disclosure comprises: a first electrode 1, an electron trans-
port layer 2, a quantum dot luminescent layer 3, a hole
transport layer 4 and a second electrode 5; the quantum dot
luminescent layer 3 1s disposed between the electron trans-
port layer 2 and the hole transport layer 4; the quantum dot
luminescent layer 3 comprises a base material layer 31 and
a quantum dot luminescent material 32 which 1s dispersed 1n
the base material layer 31; a highest occupied molecular
orbital energy level of the base material layer 31 1s between
a highest occupied molecular orbital energy level of the hole
transport layer 4 and a highest occupied molecular orbital
energy level of the quantum dot luminescent material 32.

As 1llustrated 1in FIG. 2 and FIG. 3, the luminescent
principle of the quantum dot luminescent material 32 of the
quantum dot electroluminescent device 1s as follows: holes
h from one of the first electrode 1 and the second electrode
5 are injected into the highest occupied molecular orbital
energy level of the hole transport layer 4, whereas electrons
¢ are 1njected into the lowest occupied molecular orbital
energy level of the electron transport layer 2; both the
clectrons ¢ and the holes h migrate to the quantum dot
luminescent layer 3 simultaneously; because the highest
occupied molecular orbital energy level of the hole transport
layer 4 1s close to the highest occupied molecular orbital
energy level of the base material layer 31 1n the quantum dot
luminescent layer 3, the holes h preferentially occupy the
highest occupied molecular orbital energy level of the base
matenial layer 31; the holes h are then injected into the
quantum dot luminescent material 32 from the highest
occupied molecular orbital energy level of the base material
layer 31; the holes h and the electrons ¢ are combined 1n the
quantum dot luminescent material 32 to form excitons; the
energy hv of the holes h 1s increased upon obtaining the
clectrons e, and the holes h are transited from a ground state
to an excited state; excitons are freely diffused continuously
in the quantum dot luminescence material 32, and 1nacti-
vated 1n a manner of radiation or non-radiation. A phenom-
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enon of electroluminescence can be observed when the
excitons return from the excited state to the ground state 1n
a radiative transition manner.

In the above quantum dot electroluminescent device, the
base material layer 31 is located between the hole transport
layer 4 and the quantum dot luminescent material 32, and a
highest occupied molecular orbital energy level of the base
material layer 31 1s between a highest occupied molecular
orbital energy level of the hole transport layer 4 and a
highest occupied molecular orbital energy level of the quan-
tum dot luminescent material 32. In the process of injecting,
the holes from the hole transport layer 4 into the quantum
dot luminescent layer 3, the base material layer 31 becomes
a transition layer for transierring the holes from the hole
transport layer 4 to the quantum dot luminescent material 32
because the base material layer 31 has a good energy level
matching degree with the hole transport layer 4 and the
quantum dot luminescent material 32. Therefore, the holes
in the hole transport layer 4 can be easily imjected into the
quantum dot luminescent material 32 through the base
material layer 31, thereby improving the efliciency of the
hole 1njection from the hole transport layer 4 to the quantum
dot luminescent layer 3, and making the hole migration
casier, and thus improving the luminous efliciency of the
quantum dot electroluminescent device.

For example, as illustrated in FIG. 4, when the above
quantum dot electroluminescent device normally works, the
hole transport process comprises the following steps:

Step S11, holes 1n the hole transport layer 4 are transterred
to the base material layer 31 1n the quantum dot luminescent
layer 3, wherein the highest occupied molecular orbital
energy level of the base material layer 31 1s between the
highest occupied molecular orbital energy level of the hole
transport layer 4 and the highest occupied molecular orbital
energy level of the quantum dot luminescent material 32;

Step S12, holes 1n the base material layer 31 are trans-
ferred to the quantum dot luminescent material 32 of the
quantum dot luminescent layer 3.

As 1illustrated in FIG. 4, in the quantum dot electrolumi-
nescent device, the holes 1 the hole transport layer 4 are
casy to be transferred to the base material layer 31 1n the
quantum dot luminescent layer 3 because the highest occu-
pied molecular orbital energy level of the base matenial layer
31 1s between the highest occupied molecular orbital energy
level of the hole transport layer 4 and the highest occupied
molecular orbital energy level of the quantum dot lumines-
cent material 32. Similarly, the holes 1n the base material
layer 31 are easy to be transferred to the quantum dot
luminescent material 32 of the quantum dot luminescent
layer 3. Therefore, the holes 1n the hole transport layer 4 are
casy to be 1njected into the quantum dot luminescent mate-
rial 32 through the base material layer 31, thereby improving
the efliciency of the hole imjection from the hole transport
layer 4 to the quantum dot luminescent layer 3, and making
the hole migration easier, and thus improving the luminous
elliciency of the quantum dot electroluminescent device.

In the above quantum dot electroluminescent device, the
highest occupied molecular orbital energy level of the base
material layer 31, for example, 1s from about 5.4 ev to about
6.3 ev.

The highest occupied molecular orbital energy level of the
hole transport layer 4 1s from about 3.0 ev to about 5.3 ev;
the highest occupied molecular orbital energy level of the
quantum dot luminescent material 32 1n the quantum dot
luminescent layer 3 1s about 6.8 ev; the energy level difler-
ence between the hole transport layer 4 and the quantum dot
luminescent material 32 1s large. Therefore, 1n a case that a
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highest occupied molecular orbital energy level of the base
material layer 31 1s from about 5.4 ev to about 6.8 ev, the
highest occupied molecular orbital energy level of the base
maternal layer 31 1s between the highest occupied molecular
orbital energy level of the hole transport layer 4 and the
highest occupied molecular orbital energy level of the quan-
tum dot luminescent material 32. As such, the base material
layer 31 becomes a transition layer for transferring the holes
from the hole transport layer 4 to the quantum dot lumines-
cent material 32. Therefore, the holes are easier to be
injected from the hole transport layer 4 to the quantum dot
luminescent layer 3, and the efliciency of the hole migration
1s further enhanced, thereby improving the luminescence
clliciency of the quantum dot electroluminescent device.

For example, the highest occupied molecular orbital
energy level of the base material layer 31 1n the quantum dot
luminescent layer 3 1s from about 3.8 ev to about 6.2 ev.

In one embodiment, as illustrated in FIG. 1, the base
maternal layer 31 in the quantum dot luminescent layer 3 acts
as a coating agent or a dispersant of the quantum dot
luminescent material 32.

For example, the base material layer 31 1n the quantum
dot luminescent layer 3 1s an organic material, an mnorganic
material, or a composite of an organic material and an
inorganic material.

For example, the base material layer 31 1s made in the
following two manners:

Manner I, the base material layer 31 1n the above quantum
dot luminescent layer 3 1s formed of a base material and an
energy level transition material doped 1n the base material,
wherein the highest occupied molecular orbital energy level
of the energy level transition material 1s between the highest
occupied molecular orbital energy level of the hole transport
layer 4 and the highest occupied molecular orbital energy
level of the quantum dot luminescent material 32.

Manner II, the base material layer 31 in the above
quantum dot luminescent layer 3 1s made of an energy level
transition material, wherein the highest occupied molecular
orbital energy level of the energy level transition material 1s
between the highest occupied molecular orbital energy level
of the hole transport layer 4 and the highest occupied
molecular orbital energy level of the quantum dot lumines-
cent material 32.

The base material layer 31 made in the above two
manners allows the highest occupied molecular orbital
energy level of the whole base matenial layer 31 to be
between the highest occupied molecular orbital energy level
of the hole transport layer 4 and the highest occupied
molecular orbital energy level of the quantum dot lumines-
cent material 32, so that the base material layer 31 becomes
a transition between the hole transport layer 4 and the
quantum dot luminescent material 32. As such, by means of
the transition of the base material layer 31, the holes are
casier to be mjected from the hole transport layer 4 to the
quantum dot luminescent layer 3, and the efliciency of the
hole migration 1s further enhanced, thereby improving the

luminescence efliciency of the quantum dot electrolumines-
cent device.

In one embodiment, the energy level transition material
may comprise at least one of the three types ol organic
materials: a phosphate organic compound; a thiol organic
compound; and a carboxylic acid organic compound.

For example, the energy level transition material may
comprise the following types:

Type I: the energy level transition material comprises the
phosphate organic compound(s);
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Type II: the energy level transition material comprises the
thiol organic compound(s);

Type III: the energy level transition material comprises
the carboxylic acid organic compound(s);

Type IV: the energy level transition material comprises
the phosphate organic compound(s) and the thiol organic
compound(s);

Type V: the energy level transition material comprises the
phosphate organic compound(s) and the carboxylic acid
organic compound(s);

Type VI: the energy level transition material comprises
the carboxylic acid organic compound(s) and the thiol
organic compound(s);

Type VII: the energy level transition material comprises
the phosphate organic compound(s), the carboxylic acid
organic compound(s) and the thiol organic compound(s).

In one embodiment, 11 the energy level transition material
comprises at least two of the phosphate organic
compound(s), the thiol organic compound(s), and the car-
boxylic acid organic compound(s), the energy level transi-
tion material 1s made by polymerization of the at least two.

In a case that the energy level transition material 1s Type
IV, Type V, Type VI or Type VII, the energy level transition
material 1s made by polymerization of two or three types of
the organic materials.

In the above quantum dot electroluminescent device, the
quantum dot luminescent layer 3 has a thickness of from
about 10 nm to about 450 nm. For example, the thickness of
the quantum dot luminescent layer 3 ranges from about 55
nm to about 400 nm.

The quantum dot luminescent material 32 in the quantum
dot electroluminescent device comprises at least one of ared
quantum dot material, a green quantum dot material and a
blue quantum dot material.

In the above quantum dot electroluminescent device, the
light produced by the quantum dot luminescent layer 3 exits
from a side at which the first electrode 1 1s located, and a
transparent protective layer 1s disposed on a side of the first
clectrode 1 away from the quantum dot luminescent layer 3;
and/or the light produced by the quantum dot luminescent
layer 3 exits from a side at which the second electrode 5 1s
located, and a transparent protective layer 6 i1s disposed on
a side of the second electrode 5 away from the quantum dot
luminescent layer 3.

As 1llustrated 1n FIG. 1, a transparent protective layer 6 1s
disposed on a side of the second electrode 5 away from the
quantum dot luminescent layer 3. The transparent protective
layer 6 can protect the side from which the light of the
quantum dot electroluminescent device exits and thus the
whole quantum dot electroluminescent device. The trans-
parent protective layer 6 may be a transparent substrate, such
as a transparent glass substrate, a transparent resin substrate,
etc.

What are described above 1s only related to the 1llustrative
embodiments of the disclosure, and not limitative to the
scope of the disclosure. The protection scope of the disclo-
sure 1s defined by the accompanying claims.

The application claims prionity to the Chinese patent
application No. 201610055724.5, filed on Jan. 27, 2016, the
entire disclosure of which 1s incorporated herein by refer-
ence as part of the present application.

What 1s claimed 1s:

1. A quantum dot electroluminescent device, comprising:
a first electrode, an electron transport layer, a quantum dot
luminescent layer, a hole transport layer and a second
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clectrode; wherein the quantum dot luminescent layer is
disposed between the electron transport layer and the hole
transport layer;

the quantum dot luminescent layer comprises a base
material layer and a quantum dot luminescent material
which 1s dispersed 1n the base material layer;

a highest occupied molecular orbital energy level of the
base material layer 1s between a highest occupied
molecular orbital energy level of the hole transport
layer and a highest occupied molecular orbital energy
level of the quantum dot luminescent material;

the base material layer 1s a composite of an organic
material and an inorganic material.

2. The quantum dot electroluminescent device according
to claam 1, wherein the highest occupied molecular orbital
energy level of the base material layer 1s from about 5.4 ev
to about 6.8 ev.

3. The quantum dot electroluminescent device according
to claim 1, wherein the highest occupied molecular orbital
energy level of the base material layer 1s from about 5.8 ev
to 6.2 about ev.

4. The quantum dot electroluminescent device according
to claim 1, wherein the base material layer acts as a coating,
agent or a dispersant of the quantum dot luminescent mate-
rial.

5. The quantum dot electroluminescent device according
to claim 1, wherein the base matenal layer 1s formed of a
base material and an energy level transition material doped
in the base matenal;

a highest occupied molecular orbital energy level of the
energy level transition material 1s between the highest
occupied molecular orbital energy level of the hole
transport layer and the highest occupied molecular
orbital energy level of the quantum dot luminescent
material.

6. The quantum dot electroluminescent device according
to claim 5, wherein the energy level transition material
comprises at least one of the following organic materials: a
phosphate organic compound(s); a thiol organic
compound(s); and a carboxylic acid organic compound(s).

7. The quantum dot electroluminescent device according
to claim 6, wherein 1n a case that the energy level transition
material comprises at least two of the phosphate organic
compound(s), the thiol organic compound(s), and the car-
boxylic acid organic compound(s), and the energy level
transition material 1s made by polymerization of the at least
two.

8. The quantum dot electroluminescent device according
to claim 1, wherein the quantum dot luminescent layer has
a thickness of from about 10 nm to about 450 nm.

9. The quantum dot electroluminescent device according,
to claim 1, wherein the quantum dot luminescent layer has
a thickness of from about 55 nm to about 400 nm.

10. The quantum dot electroluminescent device according
to claim 1, wherein the quantum dot luminescent material
comprises at least one of a red quantum dot matenal, a green
quantum dot matenial and a blue quantum dot matenal.

11. The quantum dot electroluminescent device according
to claim 1, wherein

the light produced by the quantum dot luminescent layer
exits from a side at which the first electrode 1s located,
and a transparent protective layer 1s disposed on a side
of the first electrode away from the quantum dot
luminescent layer; and/or

the light produced by the quantum dot luminescent layer
exits from a side at which the second electrode 1is
located, and a transparent protective layer 1s disposed
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on a side of the second electrode away from the
quantum dot luminescent layer.

12. A display apparatus comprising the quantum dot
clectroluminescent device according to claim 1.

13. The quantum dot electroluminescent device according
to claim 2, wherein the quantum dot luminescent layer has
a thickness of from about 10 nm to about 450 nm.

14. The quantum dot electroluminescent device according
to claim 3, wherein the quantum dot luminescent layer has
a thickness of from about 10 nm to about 450 nm.

15. The quantum dot electroluminescent device according
to claim 2, wherein the quantum dot luminescent layer has
a thickness of from about 55 nm to about 400 nm.

16. The quantum dot electroluminescent device according
to claim 2, wherein the quantum dot luminescent material
comprises at least one of a red quantum dot material, a green
quantum dot material and a blue quantum dot matenal.

17. A quantum dot electroluminescent device, compris-
ing: a first electrode, an electron transport layer, a quantum
dot luminescent layer, a hole transport layer and a second
clectrode; wherein the quantum dot luminescent layer is
disposed between the electron transport layer and the hole
transport layer;

the quantum dot luminescent layer comprises a base
material layer and a quantum dot luminescent material
which 1s dispersed 1n the base material layer;

a highest occupied molecular orbital energy level of the
base material layer 1s between a highest occupied
molecular orbital energy level of the hole transport
layer and a highest occupied molecular orbital energy
level of the quantum dot luminescent material;

the base material layer 1s an organic material, the base
material layer 1s made of an energy level transition
material, and the energy level transition material com-
prises at least one of the following organic materials: a
phosphate organic compound(s); a thiol organic com-
pound(s); and a carboxylic acid organic compound(s).

18. The quantum dot electroluminescent device according
to claim 17, wherein 1n a case that the energy level transition
material comprises at least two of the phosphate organic
compound(s), the thiol organic compound(s), and the car-
boxylic acid organic compound(s), and the energy level
transition material 1s made by polymerization of the at least
two.

19. A quantum dot electroluminescent device, compris-
ing: a first electrode, an electron transport layer, a quantum
dot luminescent layer, a hole transport layer and a second
clectrode; wherein the quantum dot luminescent layer is
disposed between the electron transport layer and the hole
transport layer;

the quantum dot luminescent layer comprises a base
material layer and a quantum dot luminescent material
which 1s dispersed 1n the base material layer;

a highest occupied molecular orbital energy level of the
base material layer 1s between a highest occupied
molecular orbital energy level of the hole transport
layer and a highest occupied molecular orbital energy
level of the quantum dot luminescent material;

the base material layer 1s an 1norganic material.

20. The quantum dot electroluminescent device according,

to claim 19, wherein the base material layer 1s formed of a
base material and an energy level transition material doped
in the base matenal, or the base material layer 1s made of an
energy level transition material;
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a highest occupied molecular orbital energy level of the
energy level transition material 1s between the highest
occupied molecular orbital energy level of the hole
transport layer and the highest occupied molecular
orbital energy level of the quantum dot luminescent 5

material.
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